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ABSTRACT

Proper evaluation of the cavitation performance of
a model propeller requires that as large a propeller as
possible be tested so that the deviation in geometric
similarity due to fabrication can be minimized.
Propeller-tip cavitation inception is known to be Reyn-
olds number dependent. Minimization of the scale effect
also requiresuseof a large sized model propeller to
achieve a high Reynolds number. Additionally, kinematic
similarity requires that the radially varied inflow dis-
tribution at the propeller plane anticipated for a full-
scale ship, must be properly simulated in the model tests.
However, the geometric dimensions of the water tunnel
present a constraint on the model size allowed. These
conflicting demands bav led to development of a semi-geosm
ship model. The present report documents the measured,
radially varied inflow distribution at the propeller
plane of a semi-geosim model with various combinations of
mesh screens on the body surface and lengths of the paral-
lel middle body. Experimental results at the 36-inch(91 cm)
water tunnel indicate that the target wake of a representa-
tive axisymmetric ship body may be reasonably simulated
to the propeller tip by a semi-geosim model with a
propeller 14 in. (35.6 cm) in diameter.• I

ADMINISTRATION INFORMATION

This work was performed under the In-House Independent Research and

Exploratory Development Program of the David W. Taylor Naval Ship Re-

search and Development Center (DTNSRDC) (Work Unit Numbers 1524-650 and

1524-703).

INTRODUCTION

When a propeller operates behind a ship hull, it operates in a non-

uniform wake with a significant radially varying inflow. The most signifi-

cant effect due to this wake distribution is to change the angle of attack

on the propeller blades. Compared to operation in uniform inflows, wake

operation causes dramatic increase of critical inception indices and strong
1,2*

amplitude modulation of cavitation noise spectra.

The previous approach taken at the David W. Taylor Naval Ship

Research and Development Center (the Center) to simulate radially varied

*A complete listing of references is given on page 56.
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wake distribution for the cavitation experiment has been to use a so-called

ring-type wake producer as shown in Figures la and lb. Physically, this

wake producer consists of many layers of concentric cylinders supported by

four struts. The wake producer is installed upstream of the propeller

plane, while the propeller is mounted downstream on the shaft of the

tunnel. A typical velocity distribution along the circumferential planes

at several propeller radii are given in Figure 2. The velocity was meas-

ured by a pitot tube and expressed in terms of column height of water. No

control surface was included in the present test set-up. Owing to the presence

of the four supporting struts, undesirable and complex crossflow patterns
3

are generated at every junction of the concentric cylinder and the strut.

The complex crossflow patterns measured at the propeller plane are quite

different from those measured on a ship hull with control surfaces. It is

desirable to improve the flow field to conduct cavitation experiments.

Second, this approach fails to take into account the important effect

of propeller-hull interaction on cavitatioa inception.

A third shortcoming associated with "Ring-Type Wake Simulator" is that

shear flow around the propeller hub cannot be properly simulated. Hub

vortex cavitation inception experiments will be subject to uncertainty.

The purpose of this program is to investigate the possibility of im-

proving model propeller cavitation experiments so that cavitation perform-

ance of full-scale propellers can be predicted more reliably. The first

phase of the program is to develop an improved method of simulating the

radially varied inflow distribution at the propeller plane. To minimize

the problems mentioned previously, the concept of "Semi-Geosin Ship Model"

is introduced and developed.

This report presents the analytical and experimental results of using

a semi-geosim model with mesh screens on the body surface to simulate a

calculated full-scale wake (target wake) of an axisymmetric body. The wake

simulation with a fully appended body and the corresponding cavitation

tests of two large model propellers will be given in a separate report.

2



FULL-SCALE TARGET WAKE

Owing to the lack of measured full-scale data and to the difficulty

of estimating corresponding wake analytically on a full-scale ship, previ-

ous cavitation experiments of a propeller model have been conducted under

simulated wake conditions measured at the Reynolds number of the model.

Owing to the two orders of magnitude of difference in Reynolds numbers

between the model and a full-scale ship, it is known that the wake dis-
4

tributions under these two conditions will differ noticeably. Diffdrent

cavitation characteristics can be anticipated between model and full-scale

propellers operated in different velocity fields. To increase accuracy

in predicting cavitation inception of a full-scale propeller, wake dis-

tribution observed at a prototype should be simulated for the model

propeller cavitation experiments.

Because measured full-scale data are lacking, the anticipated wake

distribution at a prototype will be predicted analytically. The calculated

wake is termed "full-scale target wake" and is to be simulated in the

coming model propeller cavitation experiments. The procedure used to cal-

culate the full-scale target wake and velocity profiles from a model ship

will be briefly described.

CALCULATION PROCEDURE ON A BARE HULL

A single screw propeller operates within the stern boundary layer

which arises from turbulent flow about the ship hull. As a result, the

propeller blades experience a radially varied inflow velocity field. The

mean axial velocity field u(r/Rp), determined at the propeller plane

without the propeller in place is called the nominal velocity distribution.

Nominal wake fraction, w(r/Rp) is defined by

1 - w(r/R,) = u(r/R)/V 1)

where V = the ship speed

r = the radial distance from the shaft center of the propeller

R = the propeller radius

3



A potential flow and boundary-layer interaction program for axisym-

metric bodies has been successfully developed at the Center. 5,6 The

program uses a differential approach to solve the boundary-layer equations

for a smooth bare hull and a displacement body approach to obtain the

pressure distribution on the body. Experimental work 5 recently conducted

at a Center wind tunnel showed the computed velocity profiles to be in

good agreement with measured results for Reynolds numbers between 106 and

7
10

ROUGH FULL-SCALE HULL

Calculating the full-scale wake on a rough hull presents a complex

problem because the program is designed to make calculations on a smooth

hull. The procedure currently in use at the Center is as follows. The

effect of roughness is approximated by making the calculations at an

equivalent Reynolds number R which is lower than the actual full-scalene

Reynolds number Rnf. The reduction in Reynolds number is such that the

resulting increase in overall skin friction CF is equal to the observed

increase ACF due to roughness on the full-scale hull. The formula of the

International Towing Tank Conference is used to obtain C F at the full-scale

Reynolds number Rnf.

C 0.075
C F = (lg*~ 22(2)

(log10 Rnf-2)

Equation (2) is inverted to obtain the equivalent Reynolds number R at

the observed friction due to roughness, CF + ACF

0.075_ .075

'rr
(Vi~+2) , F+ACF F+AC

R = 10 = 100 10 (3)
ne

The full-scale target wake is then taken to be the wake measured at

model Reynolds number R p]lus the difference between the computed wakesnm

for R and R
ne nm

4}



+ (4)

f m R R c
I- no nm JC

where u = velocity in the axial direction

V = speed of the model or full-scale body

f = full-scale target wake

m = measured values

c = calculated values

It is essential to use the measured model wake for appended hulls because

the program does not at present account for appendages. For bare hulls,

the requirement is less important since the predictions using the new

version of the program are usually in good agreement with measured data ;t

model R between 10 6 and 10 7 . However, it should be noted that the pro-n

gram has not yet been explicitly validated at the higher R correspondingn

to Rne and Rn f because experimental data are lacking.

TARGET WAKE OF A REPRESENTATIVE FULL-SCALE

SHIP WITH APPENDAGES REMOVED

Figure 3 shows an axisymmetric body. This body has been extensively

tested and compared between experimental and calculated velocity profiles

for Reynolds numbers between 106 and 10 7 ; see References 5 and 6. This

body, referred to as full-geosim body A, will be used to represent a

typical full-scale ship hull with appendages removed. Corresponding offsCts

are given in Table 1. The velocity distribution at the propeller plane of
5

this axisymmetric body as measured in a wind tunnel by Huang et al. and

Rood is given in Figure 4. Referring to Equation (4), let Au/V be defined

as

Au/V (u/V)R (u/V)R
ne nm

low
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For assumed values of Rnf = 2.0 x 109 and AC = 0.4 x 10- 3 , the use of

8
Equation (3) gives a value of R = 2.7 x 108

. Table 2 shows the calculatedne
values of Au/V at several radial distances from the center of the propeller

shaft for R = 6 x 106 and R = 2.7 x 10 8 . The target wake of full-geosimnm ne

body A is constructed from the wake distribution measured at the model

Reynolds number (u/V)m plus the correction term Au/V due to the difference

in Reynolds numbers between the model and equivalent full-scale body.

Figure 3 gives the computed target wake and the measured model wake. As

expected, the boundary layer at the model Reynolds number is much thicker

than that of the equivalent full-scale Reynolds number. The effect on the

magnitude of the resultant inflow velocity due to Au/V is to change the

angle of attack on the propeller blades.

The reliability of the computed target wake is a basic concern. The

lack of measured full-scale data hampers the answer to this question.

Nevertheless, recent studies at the Center strongly indicate that use of

this computed target wake provides improved prediction as to full-scale

propeller performances.

SEMI-GEOSIM SHIP MODEL

Local effects such as an isolated rough spot or deviation of geometric

similarity, especially in the blade leading edge and the propeller tip

areas, can alter markedly the critical cavitation inception indices. Un-

fortunately, the chord length associated with a typical model propeller is

generally very small. Proper evaluation of the cavitation performance of

a model propeller requires that as large a propeller as possible be tested

so that the deviation in geometric similarity due to fabrication can be

minimized. Reference 7 shows that cavitation inception indices can differ

significantly between model and full-scale propellers due to the effect of

pressure fluctuation in the boundary layer. Additionally, the propeller

tip cavitation is known to be Reynolds number dependent. Minimization of

the scale effect requires that the model propeller be tested at Reynolds

numbers as large as possible. This, too, requires use of a large-sized

6



propeller as well as high speeds in water tunnel. These considerations

indicate the advantages of using a large propeller and a large water tunnel

with the capability to achieve high speeds. A propeller 18 in. (45.7 cm)

in diameter was selected to be used for cavitation experiments in the

36-in. (91.4 cm) variable pressure water tunnel.

The represented full-geosim body A has a length-to-diameter ratio

L/D = 10.97 with 44.2 percent of parallel middle body. The propeller plane

is at x/L = 0.98, where x is the axial distance from the body nose. The

ratio of propeller diameter D to maximum body diameter D is 0.545.
p

Figure 5 shows the 36-in. water tunnel and gives pertinent geometric

dimensions. Figure 3 indicates that a full geosim of ship model required

for an 18-in. (45.7 cm) propeller diameter would have a body diameter of

33.0 in. (84 cm) and a length of 30.25 ft (9.22 m). Both the body diam-

eter and length would be intolerably large for tile Center 36-in. water

tunnel. Thus, it is clear that a body having much smaller diameter and

length would have to be considered.

A propeller that is operating in close proximity to tile ship hull

afterbody and stern appendages acts to accelerate the flow in the stern

boundary layer, giving rise to two propeller-hull-interaction effects:

thrust deduction and modified nominal wake distribution, termed "effective

wake distribution." To obtain reliable predictions of full-scale propeller

cavitation performance, the two interaction effects must be included in the

model propeller cavitation experiments. The computed results given in

Reference 8 show that the significant contribution of thrust deduction is

over the last 25 percent of the body length with 50 percent concentrated

in the last 6 percent of the length. This length is slightly greater than

one propeller diameter for the present body A.

To simulate the important effect of propeller-hull interaction on

cavitation inception, the ship hull must be present. Selection of a 45.7

cm propeller as well as the constraints of tunnel walls led to a conflict-

Ing requirement in satisfying geometric similarity of the full-geosim ship

hull and propeller. Recognizing that the major source of the propeller-

hull interaction comes from the ship stern section and propeller, the con-

cept of using a semi-geosim model for the cavitation test was introduced.

7



A semi-geosim body is definL. as a ship model which satisfies the geometric

similarity between the model and the prototype at the stern sections only.

Figure 6 shows the body aft of the parallel middle body section. It

consists of a 0.305 m fifth-degree polynomial which fairs the parallel

middle body to a 0.86 m stern. The polynomial satisfies continuity of

radius, slope, and curvature at the upstream and downstream ends. The

coefficients of the polynomial are also shown in Figure 6. A certain

amount of trial and error was required to arrive at the proper length of

the fairing. It was found that lengths less than 0.305 m led to bumps

where the fairing had a radius exceeding that of the parallel middle body.

This was due both to the requirement of meeting the geometric conditions

on slope and curvature at both ends of the fairing and the difference of

only 0.020 m between the radii at the upstream and downstream ends of the

fairing. The last 0.86 m of the body is a geosim of the aft 9.3 percent of

the stern of represented full-geosim body. The geosim was used in an

attempt to preserve the pressure distribution and propeller and stern

interaction on represented full-geosim body. As shown in Figure 6, the

propeller is located 0.16 m forward of the tail.

Figure 2 shows a sketch of typical semi-geosim model. For comparison

purposes, the represented full-geosim body is also shown. The model con-

sists of a 0.61-m forward section fairing the tunnel shaft to a parallel

middle body (PMB) section 0.46 cm in diameter ranging in length from 0 to

0.91 m, followed by the above described stern section.

As is the case of the aft fairing, the shape of the forward fairing is

represented by a fifth-degree polynomial which satisfies continuity of

radius, slope, and curvature at both ends. The length of 0.bl m was de-

termined after some trial and error. Basically, the goal was to use as

short a fairing as possible in order to minimize the overall length of the

model so that it could be installed in the uniform test section. Calcula-

tions using the potential flow and boundary-layer interaction program

indicated that a minimum of 0.61 m was needed to fair the shaft with radius

0.038 m to the parallel middle body with radius 0.23 m in order to avoid

separation of flow. Figure 7 shows the forebody section.

8A



While the shaft extends along the entire length of the water tunnel,

it is necessary to terminate the front end of the shaft at a point in

order to making computer runs using the potential flow and boundary-layer

interaction program. For computer calculation purposes, the shaft forward

of the fairing was somewhat arbitrarily extended to obtain a total body

length of 3.66 m, regardless of the length of the PMB. The assumed bow

is designated Bow 6 at the Center. It is a full bow with L/D = 1.82,

surface area coefficient CS = 0.909 and volume coefficient CV = 0.850,

where CS and CV are defined by

S
S 7IDL

C V  V
TF(D/2) L

where S is the surface area and v is the volume.

The length of shaft used was sufficient to insure that flow into the for-

ward fairing was completely free of the stagnation effect from the assumed

bow.

MODEL EXPERIMENTAL PROGRAM

EXPERIMENTAL PARAMETERS

Assume that the present semi-geosim model with a full geosim stern

afterbody and a mathematical forebody is adequate for propeller-hull

interaction. Simulating most of the effect of the intolerable demand on

geometric similarity of the ship hull is circumvented. Thus, the effective

wake distribution is simulated if the nominal wake distributions (velocity

field) are similar between the semi-geosim model and the prototype.

Successful installation of the model imposed by the tunnel walls

limits the maximum allowable body diameter to 45.7 cm. As seen in Figure 3

the wake distributions between the present semi-geosim model and the full-

geosim body A are likely to differ because of the significant difference

9



A

in the body shapes. The purpose of present experimental program is to

develop a method to better simulate the target wake of full-scale ship by

using a semi-geosim ship model with various combinations of parallel middle

body length and mesh screens installed on the body surface.

MODEL DESCRIPTION

References 9 and 10 show that a mesh screen installed on a body sur-

face can be used effectively to enhance development of turbulent boundary

layers. Work by Cebeci and Smith shows that it is necessary to treat a

turbulent boundary layer as a composite of an inner and an outer region.

When a mesh screen is placed on the body surface in a turbulent boundary

layer, the effect of disturbance in the inner region disappears in a

relatively short distance because of the highly diffuse nature of the flow.

The inner part of the velocity profile returns more quickly to a normal

profile shape than does the outer part. Experimental work by Robbins
I0

also indicates that it is more effective to iuflLince and enhance develop-

ment of the turbulent boundary layer by installing the surface screens far

upstream from the propeller plane.

The semi-geosim model with a 0.91 m parallel middle body (PMB) is

shown in Figure 8. The model is made of fiberglass. The PMB is made of

two pieces with equal length (0.47 m) and can be removed from the body to

investigate the effect of PMB on wake distribution. Body roughness is

simulated by installing mesh screens on the body surface. They are located

at the fore and parallel middle bodies and can be arranged in various Com-

binations in length and location. The consideration given in the selection

of mesh size is to avoid the occurrence of cavitation on the surface screen

within the range of cavitation numbers to be examined in the future pro-

peller cavitation tests.

Table 3 gives results of investigating nine configurations of the

model in the 36-in. water tunnel. Configuration 1 consists of a fore and

an aft body. Configuration 2 includes a 0.46 m parallel middle body. Mesh

screen Type I corresponds to mesh size 10. The wire is 0.063 cm in dia-

meter with mesh spacing of 10 wires per 2.54 cm. The open area is 56.3

10



percent. Mesh screen Type 11 also corresponds to mesh siz, 10. However,

the wire is 0.08 cm in diameter with mesh spacing of 10 wires per 2.54 'm.

The open area is 46.2 percent. To take advantage of available space, an

additional 1.83 m in length of mesh screen Type I was placed in several

model configurations at the water tunnel shaft housing ahead of the semi-

geosim model.

Experiments with the model were conducted in the 36-in. variable

pressure water tunnel. To minimize the possible effect o- the tunnel wall

on the propeller performance, the free-jet test section was used. The

model was mounted on the tunnel shaft housing. Figure 9 shows the model

in a test condition; the major part of the body is inside of the tunnel,

and part of the stern section is visible in the free-jet section.

A wake rake fitted with six five-hole pitot tubes was used to meeilirt-

the magnitude and direction of the inflow velocity. The pitot tubes were

0.95 cm in diameter and were located on the propeller plane, 6.86, 9.14,

11.4, 16.0, 20.57, and 24.0 cm away from the center of the shaft. For a

propeller 45.7 cm in diameter, they corresponded to r/Rp = 0.3, 0.4, 0.5,

0.7, 0.9, and 1.05, respectively. The symbol r denotes the radial distantic

from the center of the shaft and Rp denotes the propeller radius. The

shaft could be rotated manually to measure the velocity distribution on

the circumferential plane.

EXPERIMENTAL RESULTS

The velocity component in the axial direction is much greater than in

the radial direction. Consequently, only the axial component is given iu

this report. The shaft was rotated manually at Lvery 18-deg intervwils to

obtain the circumferential mean velocity. The wake survey was cir ried out

at the tunnel pressure of 138 kPa for all configitrations. Tables 4 and

give results of the experiment. The effect of the variation in tunnel

shape should be noted in comparing the test data.

BARE HULL: CONFIGURATIONS 1 AND 2

Conf igurat ions I and 2 consist of fore and aft hodi , with i ,) ald I).4,

m PMB's, respectively. The measured veloc'ity ditrihuti l ' ,1 thH .t, t,,e

1.



configurations are given in Figure 10. Significant wake defects are ob-

served only in the propeller inner region. The flow was almost uniform in

the outer region r/Rp> 0.6. The results were due to the fact that rela-

tive to propeller diameter the semi-geosim model was small in size, com-

pared to the represented full-geosim body shown in Figure 3.

The theoretically computed velocity profile at R = 4.6 \ 10 7, corre-
n

sponding to a free-stream velocity of 11.58 m/s are also given in the same

figure for comparison. The theory is based on an infinite fluid conditin.

Strictly speaking, direct comparison between measured data from a water

tunnel and calculated results, based on an infinite fluid theory, seems

improper. Nevertheless, the velocity distributions measured and computed

do exhibit similar trends. The measured increment in the wake defect due

to adding 0.46 m of PMB does agree qualitatively with predicted results.

The measured velocity profiles in the inner region exhibited much stronger

wake defects than did those calculated.

The pressure distributions on the body surface of Configuration 2

placed in the 3b-in. water tunnel versus an infinite fluid were coiputed

by Bai, based on a potential flow theory. 1 2 The water tunnel downstream of

the experimental section was idealized by assuming a uniform cross section.

Figure 11 gives computed results. Note that the pressure coefficient ,Cp

given in thv figure was normalized by using the downstream velocity V and

P-Pd
CP 2

I/ 2 oVd

where P !ocal pressure

P d pressure far downstream

S= fluid density

The trends between the two computed pressure distributions are similir.

Nevertheless, the magnitudes and pressure gradients are significalt Iv

stronger with the model in the water tunel than in an inlf illitV fluid.

Figurt- 11 shows that a further improvement in model design aad predict ioll

12



of velocity and pressure distributions can be obtained if the Bai potential

flow theory with finite-flow boundaries could be extended to the boundary-

layer computation.

MESH SCREENS ON BODY SURFACE: CONFIGURATIONS
3 THROUGH 6

To take advantage of available space, 1.83-m long mesh screen of Type

I was installed at the shaft housing ahead of the model on Configurations

3 through 5. The basic body shapes of Configurations 3 through 5 were the

same as the shape of Configuration 2. Type I surface screens of 22.9,

45.7, and 6.8.6 cm were placed on the body at location A, locations A and B,

and locations A, B, and C to form Configurations 3 through 5, respectively;

see Figure 8. The 1.83-m mesh screen installed at the shaft housing ahead

of the model was removed from Configuration 5 to form Configuration 6.

The measured velocity distributions will now be expressed in dimensio-

less forms for comparison with the full-scale target wake to be simulated.

Referring to Figure 5, the tunnel configuration is seen to vary almost

continuously. There is no unique way to define the upstream velocity.

Note that conducting the propeller cavitation tests only requires knowing

the velocity field at the propeller plane. The measured velocity profiles

can be used as input to a propeller prediction computer program to deter-

mine the corresponding free-stream velocity at a given thrust coefficient

KT and an advance ratio J. For the present work the following approach has

been taken. Development of turbulent boundary layers at various configura-

tions can be studied and compared by normalizing the velocity in such a

way that the velocity ratios are equal to 0.80 for all configurations at

r/Rp = 0.9 (pitot tube 5). The dimensionless velocity profiles for

Configurations 2 through 6 are given in Figure 12.

Effectiveness of the surface screens on development of a thicker tur-

bulent boundary layer is clearly demonstrated. The wake defect with

installation of a surface screen now extends to r/Rp of approximately 0.7

to 0.8 compared to a vaLue of 0.5 to 0.6 without surface screens. In the

outer radii, say that r/R 0.8, the flows still remain almost uniform

13



while the wind tunnel wake and target wake still exhibit significant wake

defect. A comparison of measured velocity profiles for Configurations 5

and 6 indicates that the effectiveness of a 1.83 m surface screen placed

on the shaft housing ahead of the model is only marginal. This is due

partly to an extremely low velocity, associated with the large tunnel

cross section, and part1i to the very small surface area, associated with

the small shaft-housing diameter, compared to the model body diameter.

HEAVY MESH SCREEN: CONFIGURATION 7

To investigate the effect of mesh size on the velocity profile, a

layer of mesh screen Type Ii was placed on top of mesh screen Type I of

Configuration 4 to form Configuration 7. Additionally a slight differen-ce

exists between Configurations 4 and 7. There was no surface screen on

the shaft housing for Configuration 7. Figure 13 gives the measured

velocity distributions of these two configurations. Within the accuracy

of measurements, the two measured velocity distributions are almost

identical.

EXTRA PARALLEL MIDDLE BODY: CONFIGURATION 8

Additional 0.46 m of PMB was added to Configuration 6 to form

Configuration 8. In this configuration the forward part of the model was

extended to a much expanded region of tunnel cross section, resulting in

more and greater hydrostatic drag. To ensure the safety of structural sup-

ports on the model, Configurations 8 and 9 were tested at reduced speeds.

Figure 14 gives the velocity profiles of these two configurations. The

additional 0.46 m of PMB actually produced less wake defect, which may he

explained by referring to Figure 5. An additional 0.46 m of PMB is seen

to push the forebody, located in a nearly uniform test cross section, into

an expanded cross section. The flow passes through the forebody of

Configuration 8, which is thus slower than that of Configuration 6. With-

out the available theoretical computations, this reasoning can only be

viewed as a plausible explanation.

14



EXTRA LENGTH OF MESH SCREEN: CONFIGURATION 9

An additional surface screen D of 0.46 m was installed on PMB of

Configuration 8 to form Configuration 9; see Figure 8. The corresponding

velocity distribution is given in Figure 14. The effectiveness of surface

screen D to enhance the wake defect is seen by comparing measured veloci-

ties between Configurations 8 and 9. The measured velocities ot Configura-

tion 9 are almost the same as those of Configuration 6.

BRIEF DISCUSSION

Figure 12 shows that mesh screens installed on the body surface are

very effective in modifying the velocity profiles. It also shows that the

measured velocity defect with the present model only reaches from r 16.(

to 18.3 cm from the center of the shaft, corresponding to r/Rp = 0.7 ' 0.8

for a 45.7 cm propeller. Because of the relatively short and thin model

as compared to the full-geosim body (Figure .3), the measured velocity

ratio of Configuration 4 differs 6 to 8 percent from the desired target

wake distribution in the tip for a 45.7 cm propeller.

It is known that a so-called ring-type wake producer can provide a

wake defect in tkie outer radii. However, care must be exercised in terms

of the undesirable cross flow associated witth the ring-type wake producer.

One thing in favor of this approach is that a significant amount of wake

defect has already been generated by the semi-geosim body. It will require

fewer concentric cylindrical plates to generate the remaining wake defect.

Owing budgetary constraints, this device attached on a semi-geosim model

has not been investigated.

WAKE DISTRIBUTIONS VERSUS MODEL PROPELLER SIZES

Figure 12 shows that the measured velocity defect with the present

semi-geosim model can reach r = 18 cm from the center of the shaft, which

is at the tip of a 35.6 cm propeller. The feasibility of using a 35.6 cm

propeller for cavitation tests will be discussed. The stern sect ion of

the present semi-geostm model is based on the length scale of a 45.7 cm

propeller fitted on the full-geosim body. Using a 35.t cm propeller wotild

15



require construction of a new stern section and a new series of wake

surveys. Figure 3 shows that the stern section is close to a wedge

shape. This means that the deviation in geometric similarity of stern

sections associated with length scales of 35.6 - and 45.7 cm will be small.

To minimize the cost, and as a first approximation the following plausible

approach is used for this investigation.

For the present semi-geosim model, the plane of a 35.6 cm propeller

will be located approximately 3.5 cm behind the plane of a 45.7 cm pro-

peller. Locating a propeller plane is based on the requirement that the

propeller hub radius rh equal 0.21 RP. It is assumed that the difference

in velocity distributions at 3.5 cm intervals along the radius length be-

tween the two propeller planes is small and negligible. Namely, the

velocity distributions u(r-rh) are assumed to be the same between the two

propeller planes. Measured velocity distributions along the radial dis-

tance as given in Figure 12 and Table 4 will be used for a 35.6 cm pro-

peller study. Extrapolated velocity distributions along the propeller

plane for various model configurations are given in Table 6. The measured

velocities given in Table 4 remain the same. However, the corresponding

radial distance r for a 35.6 cm propeller has been corrected.

For purposes of discussion, the measured velocities at r/RP = 1.10

(pitot tube 5) are normalized to 0.87 for all configurations; see Table 7.

Velocity distributions associated with Configurations 3 through 5 are

given in Figure 15. The wake defect now reaches to the propeller tip.

The velocity distribution associated with Configuration 4 is seen to fit

the full-scale target wake reasonably well.

TUNNEL SPEED EFFECT ON WAKE DISTRIBUTION

The same semi-geosim model was investigated at different tunnel

speeds to determine the possible effect of speed on velocity distribution

The tunnel velocity in this series of tests was approximately one-half

of the velocity used in the previous experiments. The wake survey was

carried out at the same tunnel pressure of 138 kPa, the same value used

previously. Observe that the cavitation number in these experiments is

approximately 4 times higher than that of the previous series. The

measured velocities at various radial distances for several model con-

figurations are given in Tables 8 and 9.

16



Simply stated, the tunnel velocity associated with the experiments

given in Table 4 is referred to as the "high-velocity series." The tunnel

velocity associated with the present series given in Tables 8 and 9 is

referred to as the "low-velocity series." Corresponding velocity distribu-

tions are given in Figures 16a, 16b, and 16c for Configurations 2, 4, and

5, respectively. The measured velocity distributions for the two series

exhibit only very slight differences, which is not a surprise as the

difference in Reynolds numbers between the two series is only a factor of

2. Within the variations of a factor of two in tunnel speeds and a factor

of 4 in cavitation numbers, the velocity profiles may be considered to be

essentially similar.

17
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WAKE SIMULATION WITH FULL APPENDAGES

Model wake and full scale target wake of a ship with appendages are

given in Flgre 17. The numerical value given here corresponds to the cor-

relation allowance of CA = 0.25 x 10-3 . The theoretical computation so far
embodies the assumption that the effect of appendages on the nominal velocity

distribution is independent of Reynolds number.

The semi-geosim model with stern appendages is given in Figure 18. The

model is fitted with the parallel midbody of 0.46 meters. Wake simulation

with full appendages was conducted 6 months later from the bare hull work.

A new configuration number was assigned to this series of tests. To be

consistent with the data in the file, these new model configuration numbers

are preserved. For example, aside from the stern appendages, Model Configura-

tion I in full appendage study is the same as Model Configuration II in

Bare hull study; see Tables 3 and 10.

The measured circumferentially averaged velocities in the axial com-

ponent are given in Tables 10 and 11, and plotted in Figure 19 for D = 45.7 cm.P

The measured velocities have been normalized in such a way that the velocity

ratios are equal to 0.80 at r/Rp= 0.9 (Pitot tube 5) for all model configura-

tions. This choice is based on the idea that the measured velocity distribu-

tion matches the target wake closely around r/R from 0.5 to 0.8. Obviously,

the choice of this reference velocity is subjective. A further discussion

on this subject is discussed by Shen et. al.

Similar to the result shown in Figure 12 for the bare hull condition,

the wake defects only reach r/Rparound 0.7 to 0.8 for a 45.7 cm propeller.

In the outer radii, say r/R >0.8, the flows remain almost uniform. AP

deviation of 6 percent in the velocity ratio at the propellers tip is

noticed between measured and target wakes. Following the similar approach

given in the bare hull, the extrapolated velocity distributions along the

propeller plane for a 35.6 cm propeller are given in Tables 12 and 13, and

plotted in Figure 20 for various model configurations. The wake defect

* Rood, E.P., Unpublished Report
* West, E.E., Unpublished Report
* Grant, J.W., Unpublished Report

** Shen et al Unpublished Report
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now reaches to the propeller tip. Circumferentially averaged velocity

distribution associated with Configuration 5 is seen to fit the full-scale

target wake reasonably well. The measured local velocity distributions along

the circumferential planes for Configuration 5 are given in Figure 21a at

r/R,= 1.29, 1.09 and 0.84, and in Figure 21b at r/R,= 0.58, 0.45 and 0.32.

The vertical axis gives the velocity ratio and the horizontal axis gives the

polar angle along the circumferential plane. The zero polar angle is

aligned with the vertical axis at 12 o'clock direction.

The local velocity distributions along the circumferential planes on
*

a full-geosim model conducted in a wind tunnel were also shown

in Figures 21a and 21 b for comparison. The wake survey by Rood*

was conducted in different propeller radii. Consequently, in some of the

figures the measured wind tunnel velocity distributions at two different

propeller radii are shown in the same plot with velocity distribution

measured in the present model. As an example, the measured velocity dis-

tributions in the wind tunnel at r/R = 0.953 and 0.75 are shown in the same

plot with the velocity distribution measured at r/R = 0.84 for the current
P

model.

The current model is intended to simulate a full-scale target wake.

As seen in Figure 20, the velocity ratios in the present model should be

higher than those measured in the wind tunnel by the amount of V

In general, the measured circumferential wake distribution using the present

semi-geosim ship model gives velocity fluctuations behind the appendages

similar to those measured in the wind tunnel with a full-geosim

model. In summary, the wake field to be anticipated in i full-scale ship.

appears to be produced by the present ship model to within a few percent

for a 14-inch model propeller.

* Rood, E.P., Unpublished Report
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CONCLUDING REMARK

Experimental results measured in the 36-inch water tunnel indicate that

the target wake of a represented full-scale ship can be reasonably simulated up

to the propeller tip by the present semi-geosim model with a propeller 14 in.

(35.6 cm) in diameter. A deviation of 6 percent in velocity ratio at the pro-

peller tip from the target wake may be encountered if an 18-in. (46.5 cm) model

propeller is used along with the present semi-geosim model. A possible means to

improve wake simulation is suggested in the text if a large size propeller is

to be used.

It is expected that the important effect of propeller hull interaction on

propeller cavitation can be reasonably incorporated by the use of a semi-geosim

ship model. The use of this model also eliminates the undesirable complex cross-

flow patterns into the propeller disk as observed with the ring-type wake producer.

Additionally, a simulated shear flow around the propeller hub is expected to

improve hub vortex cavitation inception experiments.
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Figure la -Front View of a Ring Type wake Producer

Figre b ~ideVie ofa Ring Type Wake Producer

Figure 1 Ring Type Wake Producer
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FIGURE 18 T HE SEMI-GEOSIM SHIP MODEL WITH APPEDAES
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TABLE 2 - VELOCITY INCREMENTS DUE
TO R CORRECTION

n

r/Rp Au/V

1.0 0.049

0.9 0.058

0.8 0.062

0.7 0.062

0.6 0.062

0.5 0.064

0.4 0.067

0.3 0.076
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TABLE 8 - MEASURED VELOCITY DISTRIBUTIONS
IN METERS PER SECOND IN LOW-VELOCITY

SERIES

Model ConfigurationPitot r

Tube cm 2 4 5

6 24.00 5.06 5.15 5.24

5 20.57 5.18 5.21 5.36

4 16.00 5.18 5.21 5.15

3 11.43 4.91 4.39 3.90

2 9.14 3.84 3.44 2.80

1 6.86 2.77 2.65 2.26

TABLE 9 -. VELOCITY RATIOS IN LOW-
VELOCITY SERIES CORRESPONDING

TO A 45.7 CENTIMETER
PROPELLER

Model ConfigurationPitot r/Rp 2..4.5

Tube 2 4 5

6 1.05 0.78 0.79 0.78

5 0.9 0.80 0.80 0.80

4 0.7 0.80 0.80 0.77

3 0.5 0.76 0.67 0.58

2 0.4 0.59 0.53 0.42

1 0.3 0.43 0.41 0.34
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Table 10 Measured Wake Data ForD - 45.7 cmP

MODEL CONFIGURATION
PITOT TUBE r

NUMBER R, I II III IV V

6 1.05 10.1 m/s 10.0 m/s 10.0 m/s 10.0 m/s 10.2 m/s

5 0.9 10.3 10.3 10.4 10.6 10.6

4 0.7 10.4 10.3 10.2 10.3 10.0

3 0.5 9.6 9.5 8.7 8.7 8.1

2 0.4 7.7 7.1 6.7 6.9 6.4

1 0.3 7.3 6.4 6.2 6.5 5.9

Table ii Nondimensional Measured Wake Data For D - 45.7 cm
P

MODEL CONFIGURATION

PITOT TUBE r /

NUMBER RpI , II III IV V

6 1.05 0.78 0.77 0.77 0.76 0.77

5 0.9 0.80 0.80 0.80 0.80 0.80

4 0.7 0.81 0.80 0.79 0.78 0.76

3 0.5 0.77 0.74 0.67 0.66 0.61

2 0.4 0.60 0.55 0.52 0.52 0,48

1 0.3 0.57 0.50 0.48 0.49 0.45

MODEL CONFIGURATION KEY

I - BARE HULL

II - BARE HULL WITH SCREEN A
III - BARE HULL WITH SCREEN A + B

IV - BARE HULL WITH SCREEN B + C

V - BARE HULL WITH SCREEN A + B 4 C
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Table 12- Extrapolated Wake Data For D p 35.6 cmI

MODEL CONFIGURATION
PITOT TUBE

NUMBER Rp I II III IV V

6 1.29 10.1 m/s 10.0 m/s 10.0 m/s 10.0 m/s 10.2 m/s

5 1.10 10.3 10.3 10.4 10.6 10.6

4 0.84 10.4 10.3 10.2 10.3 10.0

3 0.58 9.6 9.5 8.7 8.7 8.1

2 0.46 7.7 7.1 6.7 6.9 6.4

1 0.33 7.3 6.4 6.2 6.5 5.9

Table 13 Nondimensional Extrapolated Wake Data For Dp 35.6 cm

MODEL CONFIGURATION
u/v

PITOT TUBE r
NUMBER RI I II III IV V

6 1.29 0.86 0.85 0.85 0.83 0.85

5 1.10 0.88 0.88 0.88 0.88 0.88

4 0.84 0.88 0.88 0.86 0.85 0.83

3 0.58 0.82 0.81 0.74 0.72 0.67

2 0.46 0.66 0.61 0.57 0.57 0.53

1 0.33 0.62 0.55 0.53 0.54 0.49

MODEL CONFIGURATION KEY

I - BARE HULL

II - BARE HULL WITH SCREEN A

III - BARE HULL WITH SCREEN A + 8

IV - BARE HULL WITH SCREEN B + C

V - BARE HULL WITH SCREEN A + B + C
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